Penetrating venous injuries via Zone III of the neck extended over jugular bulb are rare. The optimal strategies for these venous injuries are currently unknown because many of the vital structures in this region are poorly accessible to the surgeon and therefore it is difficult to control bleeding. A 76-year-old man got drunk and fell down onto a paper door. The wooden framework of the paper door was broken and got stuck deep in the right side of his neck. Enhanced computed tomography showed the wood stick had penetrated through the right jugular foramen and injured the jugular bulb. We successfully performed right sigmoid and jugular vein occlusion via an endovascular approach using Guglielmi detachable coils at first and then to draw out the wood stick in order to avoid venous bleeding. To our best knowledge, these venous injuries have reported in only four cases. Only one case was performed by endovascular approach using nbutyl cyanoacrylate (NBCA). Coil embolization is much better than NBCA in the light of reducing complications due to adhesion to the inserted wood stick and embolization of unintended vessels. Venous occlusion using coil embolization is the best way to treat a penetrating jugular bulb injury via zone III because of reducing the hemorrhage and air embolism.
Introduction
Penetrating neck injuries are classified by the anatomic zone of the entry wound, as determined by physical examination, with the site of injury localized to one of three zones. Zone I is the most inferior of the three zones. It is bounded inferiorly by the sternal notch and clavicles and superiorly by the cricoid cartilage. Zone II extends from the level of the cricoid cartilage to the angle of the mandible. Zone III extends from the angle of the mandible to the base of the skull. Important structures in zone III include the internal carotid and vertebral arteries, external carotid artery branches, internal jugular vein, and pharynx. Many of the vital structures in this region are poorly accessible to the surgeon because of their proximity to the skull base and overlying facial structures 1 .
The optimal management strategy for penetrating vascular injuries through zone III of the neck is currently undetermined. Traditionally, mandatory neck exploration would have resulted in the identification of these injuries and subsequent ligation or repair. However, it is difficult to treat venous injuries extending over the jugular bulb, because of the limitations for exploring the region imposed by the skull base and the mandible. Hence, accessing and removing a foreign body from the region poses a distinct challenge.
To the best of our knowledge, a penetrating jugular bulb injury through zone III has only been reported in two cases 5, 6 . Including cases of injury via the posterior wall of the oropharynx 2,3 , penetrating jugular bulb injury has only been reported in four cases. Excluding one case 6 in all the others ligation of the jugular vein was performed by open surgery. Owing to the recent advances in endovascular techniques, occlusion of the jugular vein can now be performed by the endovascular approach. ; blue: vein, red: artery, orange: the wood stick. Comparing A, B and C, the wood stick penetrated from the angle of the right mandible toward the right jugular foramen. The right internal jugular vein disappeared because of the wooden stick (B,C). D-F) The wooden stick can be seen protruding into the jugular bulb, and a skull base fracture was observed.
We describe the first case of a penetrating jugular bulb injury via zone III treated by the endovascular technique and by coil embolization.
Case report
A 76-year-old man with alcohol intoxication fell against a paper door. The wooden frame of the paper door was broken and penetrated deep into the right side of his neck ( Figure 1A ). On evaluation in the emergency center, the patient was awake and lucid, with stable vital signs. The wooden stick, protruding from the angle of the right mandible, appeared to have penetrated toward the external base of the skull. ( Figure 1A ) Neurological examination showed a right moderate facial palsy (House-Brackmann grade III). However, no lower cranial nerve palsy was observed. There was no mass in the parapharyngeal space or evidence of active bleeding or hematoma of the neck. Enhanced computed tomography (CT) with three-dimensional reconstruction was performed to evaluate the path of the stick. (Figure 1B ,C) The CT scan showed that the wooden stick had penetrated through the right jugular foramen and injured the jugular bulb. ( Figure 1B -F) However, no external or internal carotid artery injuries or intracranial changes were observed. ( Figure 1B ,C) To evaluate the sinus injury, we performed a cerebral angiogram, which showed that the right venous flow had stopped at the right sigmoid sinus by the wooden stick. By contrast, the left sigmoid sinus flow was normal (Figure 2A,B ). We felt that ligation of the right sigmoid sinus and right jugular vein would be necessary when exenterating the wooden stick to avoid venous bleeding. We therefore planned to first perform right sigmoid and jugular vein occlusion by an endovascular approach and then to draw out the wooden stick. We also planned to perform a cerebral angiogram during exenteration to be prepared for occlusion of newly bleeding vessels.
Under general anesthesia, a 4F catheter was positioned in the right internal carotid artery to perform repeated cerebral angiograms, and a 7F catheter was positioned in the left jugular vein. To occlude the right sigmoid sinus, a microcatheter was inserted from the left jugular vein to the right sigmoid sinus via the left sigmoid sinus and bilateral transverse sinus. We placed 22 Guglielmi detachable coils (GDC coils) (total length: 353 cm) to occlude the sig-moid sinus at the end of the stick. ( Figure  2C ,D) Subsequently, the 7F catheter was positioned in the right jugular vein. The microcatheter was inserted into the jugular vein at that end of the stick, and we placed 20 GDC coils (total length: 452 cm) to occlude the jugular vein. (Figure 2E ,F) After embolization, we drew out the stick under radiographic guidance. Soon after removal, we performed a cerebral angiogram which did not show any extravascular bleeding. In addition, no active bleeding from the fistula was observed. We therefore debrided the wound, inserted a drain, and closed the skin. Intubation was continued until four days after the operation to avoid severe airway obstruction by pharyngeal edema. To prevent intracranial infection, the patient was treated with 500 mg of the broad-spectrum antibiotic meropenem every 8 h for 1 week. Even though postoperative head CT and magnetic resonance imaging showed no intracranial complication, a neurological examination after extubation showed severe facial palsy, which was irreversible. One month after the accident, the patient underwent facial nerve anastomosis using the great auricular nerve. At the time of the operation, the cut end of the facial nerve was observed near the stylomastoid foramen.
Discussion
Surgical planning prior to removal of the stick from the jugular foramen prioritized minimizing the possibility of uncontrolled bleeding upon extraction. In the two reported cases, mastoidectomy was performed to expose and ligate the bilateral side of the injured veins 2,5 . In one case, hemostatic materials were inserted into the jugular foramen just after withdrawing the foreign material 3 . In the other case, the bilateral side of the injured vein was embolized using n-butyl cyanoacrylate (NBCA) 6 .
We did not want to expose the bilateral end of the injured vein by open surgery because of the long operative time, surgical difficulty, and the possibility of uncontrolled bleeding or air embolism. Embolization of bilateral sides of the injured vein was thought to be a good choice to reduce uncontrolled bleeding and air embolism. However, embolization using NBCA had the following risks. First, NBCA has a high adherence property, if NBCA attaches to the inserted wooden stick, recanalization or vascular injuries may occur when withdrawing it. (using both coils and NBCA) is infection. Because the insertion area of the stick is contaminated, inserted foreign material could give rise to infection. To prevent infection from the inserted coils, the patient was treated with a broad-spectrum antibiotic. Fortunately, infectious complications did not occur.
In conclusion, venous occlusion using coil embolization is the best way to treat a penetrating jugular bulb injury through zone III of the neck, because of reduced hemorrhage and air embolism risk.
Second, as reported in a previous study, with NBCA it is difficult to control the area of embolization, and it can lead to complications due to embolization of unintended vessels 4 .
Though embolization using coils is more time-consuming and much more expensive than using NBCA, we chose to perform embolization using coils because this procedure has a lower risk of adherence to the wood frame and unintended vessel occlusion. It could therefore reduce the surgical risk significantly.
Another risk of endovascular procedures ← Figure 2 Pre-embolization angiogram (A: anteroposterior (AP) view, B: lateral view) shows occlusion of the right sigmoid sinus due to the wooden stick (arrow). Post-occlusion of the distal side of the wooden stick, radiograph (C). Angiogram injected from right jugular vein (D) shows extravascular bleeding was observed at the proximal end of the wooden stick (arrow). Post-occlusion of both sides of the wooden stick: radiograph (E) and angiogram (F) show flow in the right sigmoid.
